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Abstract 
This paper presents the actual status of the experiments done with a large scale adsorption thermochemical storage system of a 
750 liter volume in combination with solar thermal heat pipes as well as recent results of cyclic tests done on the used storage 
material. An output temperature of maximum 120 °C was realized to charge the storage system at a maximum of 4 kW thermal 
capacities. Through the succeeding discharging process, adequate thermal energy with temperatures above 60 °C could be 
released for providing hot water and space heating of an energy-autarkic house. 
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1. Introduction 
Solar energy is particularly well suitable for providing low-temperature thermal energy for domestic hot water 
supply and space heating purposes. As 80 % of the solar energy is incurred in the summer time, when there is hardly 
any heating demand, storing this energy for later utilization is getting considerable attentions [1-5]. Thus, an 
effective and environmentally favorable storage system should be considered as one of the key components for the 
further development of a solar technology.   
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Due to the permanent thermal losses and thus requiring volume-consuming and highly cost intensive thermal 
insulation measures, sensible or latent storage methods are not so effective for seasonal storage of relatively low 
temperature levels thermal energy. Thermochemical storage system (TCS) on the other hand allows to store 
substantially more thermal energy, by virtue of the possibly attainable four to six times higher storage density, for 
the same volume with barely any losses independent of the length of the storage period. It is therefore to be expected 
in the future that in solar assisted hot water supply and space heating systems such a technology to be an integral part 
of solar systems.  
Regarding thermochemical storage system various research activities, in particular on the development and 
characterization of storage materials for low and high temperature levels in a laboratory scale, as well as theoretical 
works were performed [6-13]. On the other hand only few practical tests on a larger scale are known yet [14-16]. 
The studies reported here focus on the present status of the demonstration activities performed on a closed sorption 
heat storage system of 750 liter storage volume using solar thermal energy. These studies are intended to further 
assess the expected system performance based on thermodynamic and process engineering parameters such as 
energy density, thermal heat power, efficiency, cyclic stability as well as thermal energy / mass transfer in order to 
optimize the system for a real application. 
 
Nomenclature 
TD Charging temperature [°C] 
TV  Evaporation temperature [°C] 
TC Condensation temperature [°C] 
E/C Evaporator/Condenser 
'TIi Temperature difference between heat carrier fluid-bulk material at i position [°C] 
MV        Main valve [0/1 = on/off ] 
 
2. Methodology 
The first phase of the work, building the storage unit and its integration in the existing heating and cooling 
system of an energy-autarkic house associated with solar thermal heat pipes, has been already reported elsewhere 
[17, 18]. Based on the results obtained from those functional tests performed during the first phase using zeolite as a 
storage material, further system modifications in particular on process and energy management (Fig. 1) as well as 
several dynamical performance tests have been carried out. Thereby the maximum charging temperature (TD) 
attained varied in the range between 100 and 120 °C depending on the intensity of the average solar radiation 
(60,000 to 80,000 lx) at the demo site. The maximum installed solar thermal capacity is 4 kW. The charging process 
has been carried out until a temperature difference between the solar and the storage cycle has fallen to 2 K.  
     Table 1. Summary of process parameters for charging and discharging cycles 
Parameter Max. value 
Discharging temperature [°C] 120 
Evaporation temperature [°C] 25 - 30 
Condensation temperature [°C] 10 - 15 
Heat carrier medium flow rate [m³/h]  2.5 
Cooling cycle flow rate [m³/h] 1.8 
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Fig. 1. (a) Energy and process flow between the heat source/consumer and the storage system (b) Basic installation scheme 
To collect a large number of thermal cycles and to determine the dynamic behaviour of the storage system, 
accelerated cycling sequences have been applied by which the storage could be charged and discharged for a 
maximum of about 6 - 8 hours per day. For the purpose of comparison, the system has been also operated previously 
with relatively long charging / discharging times of 15 - 17 hours each. The important relevant measurable physical 
parameters that are decisive for a thermochemical heat storage process are temperatures, pressures, and the 
adsorbed/desorbed amount of water as well as volumetric flow rates of the heat transfer fluid cycles. 
Within the scope of the modifications of the system, temperature measurement points have been extended to 20 
in order to collect more data by which 15 thermocouples are placed inside the adsorbent bulk to monitor the 
temporal courses of the temperature during the storage processes. For a better orientation the changes made on the 
arrangement of the temperature sensors (TIs) in the storage reactor is shown schematically on Fig. 2.  
 
 
a
 b 
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Fig. 2. Position of the thermocouples in the reactor: side and top views 
Another important process parameter concerning closed TCS is water vapor partial pressures in the storage 
reactor as well as inside the evaporator/condenser (E/C). Thus two pressure devices are mounted at the reactor (pR) 
and evaporator/condenser (pE/C) in order to get information on the process dynamics, the amount of rest gases as 
well as the leakage rate of the whole system. The water level in the E/C and water reservoir is registered as an 
absolute value with a capacitive level measurement and capillary tube, respectively.  
3. Results and discussion 
As part of system validation a determination of the heat distribution inside the storage reactor has been carried 
out in order to compare operation characteristics and total performance of the system after several cyclic tests. For 
that the heat exchanger, without storage material, was heated to two different thermal equilibrium temperatures i.e. 
at 39.5 °C and 95.5 °C that have been achieved as the outlet fluid temperature remained constant.  
 
 
Fig. 3.  Heat distribution inside the reactor at equilibrium temperature: 
 T = 39.5 °C and T = 95.5 °C  
Silver soldered 
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Referring to Fig. 3, it can be seen that the interior of the storage reactor heats up in a relatively uniform manner. 
This is due to the copper mesh matrix which avoids hot spots and distributes the incoming heat in the entire storage 
volume. Those light spots, located parallel to the main heat carrier distribution tubes, are due to silver solder points.  
With this test, it was ensured that a uniform distribution of heat over the carrier cycle in the bulk material take 
place and hence the subsequent activation and discharging process could be successfully implemented. 
For comparison with the previous attained results, the system has been operated for more than 25 thermal cyclic 
processes with charging/discharging times of 4 - 8 hours each per day. The procedures to implement the thermal 
heat storage measurements were already described in detail [17]. Thus here only some exemplary selected thermal 
energy discharging/charging cyclic test results and important key points will be presented.  
The corresponding temperature profiles obtained from discharging processes inside the reactor as well as 
heating/cooling circulation cycles are shown in Fig. 4 and 5, respectively. A comparison with the previous results 
done at an equivalent charging temperature range shows practically no significant differences in the temperature 
profiles. The maximum discharging temperatures attained in the storage system was about 85 °C. From the previous 
experiences this can be raised to over 110 °C with increasing the charging temperature. This is for practical 
application especially in the industry sector of very importance. The corresponding pressure profiles are given in 
Fig. 6. 
 
     
                        Fig. 4. Thermal discharging T-profiles inside the reactor                             Fig. 5. Heating & cooling cycles 
      
Fig. 6. Thermal discharging p-profiles                                              Fig. 7.Adsorbed water level LI-Profile 
During the discharging process the heat generated was continuously released to a heating system of the demo-site 
for hot water supply (Tmax of 55 °C) and space heating purpose at a controlled temperature of 18 - 22 °C. The 
amount of water that has been adsorbed is shown in Fig. 7 interms of adsorption time. Under the given test 
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conditions the specific water consumption of the storage material behaves as expected (LI = 40 - 50 %). This result 
corresponds to adsorption capacity of 15 % relative to the used dehydrated storage material. From other previous 
results under different process conditions (TD = 160 - 200 °C; TV = 20 - 25 °C) and at comparatively longer 
adsorption times of about 12 h per day, an adsorption capacity of 18 - 20 % has been attained. It is also expected to 
achieve this value on the long-term, when sufficient charging and discharging time and higher charging temperature 
is available.  
After the completion of the thermal discharging process, the succeeding charging cycle has started that has been 
completed within four consecutive days altogether about 30 hours, delivering some insight into the integration of the 
storage system with solar energy source. The first two charging processes were carried out on days with full solar 
irradiance. Thus the average temperature inside the storage reactor has reached about 90 °C for about 6 - 8 hours per 
day, that on these days it was possible to charge the system to about 50 % capacity. 
Fig. 8 and Fig. 9 show the temperature profiles in the storage system as well as in the heating/cooling cycles of 
the system, respectively. Comparing this with the temperature curves obtained so far the attained temperature 
profiles show a substantially similar pattern. As the charging process has been stopped, a temperature difference in 
the range 10 - 15 °C between heat carrier fluid (Tin /Tout) and inside the storage reactor (TIi) has been observed. This 
shows that this storage is after 4 days well utilized, but still able to store additional energy. The small peaks in the 
temperature curves are due to a time, about 20 - 30 seconds, evacuation of the storage reactor in order to remove the 
still remaining inert gases in the system. Whereas the significant temperature fluctuations at some points are due to 
the relatively low power of the installed heat pipes that sufficient heat for charging could not be provided 
consistently over the secondary heat exchanger, which lead to a temporary interruption of the process. 
On the third day, the solar irradiance was very unstable and most of the time it was below 650 W/m² so that the 
solar thermal energy should be assisted with an electric flow heater, as the value of irradiance falls and the storage 
reactor is not getting enough energy from the collectors.  The last day is also unstable but delivers enough thermal 
energy to charge the storage to about 15 % of the storage capacity. In general during the whole process the flow rate 
of the oil through the heat exchanger has reached a maximum of 2.5 m3/h. This expresses that a good reproducible 
operation of the entire system exists. Intensive cooling of the reactor has been performed through withdrawing a 
sensible heat from the storage reactor to a hot water tank (buffer), so as to prepare the system for the next 
discharging cycle.  
 
 
Fig. 8. Thermal charging T-Profiles inside the reactor                                 Fig. 9.   Heating & cooling cycles 
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Fig. 10. Thermal discharging p-profiles                                       Fig. 11. Adsorbed water level LI-Profile 
 
Fig. 10 and 11 show the corresponding pressure profiles and the desorbed water level in terms of time, 
respectively. After 4 days of charging process approximately 65 % of the adsorbed water could be regained. Finally 
a summary of cyclic tests (C01 - C25) in terms of temperature stability of the storage system concerning the already 
mentioned application during discharging period is illustrated in Fig. 12.  
 
Fig. 12. Maximum temperature in terms of cyclic number 
4. Conclusions and outlook 
From the tests carried out it was possible to determine the thermal energy density that lies in the range between 
30 - 40 % of the reference laboratory result obtained under charging temperature of 220 - 250 °C (200 - 220 
kWh/m³). The average achieved thermal power on day out lies in the range between 2.5 - 3 kW. This lower thermal 
power is due to a distribution of the solar radiation over two surfaces, i.e. south/west inclined. The maximum 
attained discharging temperature lies in the range between 65 - 70 °C. After 25 charging/discharging cycles, the 
storage material shows barely any physical damage. The adsorption performance tests done on a representative 
sample of the already used storage material has also confirmed its cyclic stability. 
As it has been expected the energy output of the storage system was limited by the low charging temperature and 
low thermal capacity. In other words the maximum available temperature range was not high enough for an effective 
desorption of the working medium out of the porous storage material. On the other hand regarding the thermal 
energy flow among the involved system, i.e. storage reactor, consumer and heat source, a significant progress has 
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been made. After more detailed tests on the long-term efficiency of the installed solar heat pipes, it is intended to use 
suitable storage material for effective storing of the available energy in a low temperature range. 
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